Chronic stress has been extensively studied in both laboratory and field settings; however, a conclusive and consistent phenotype has not been reached. Several studies have reported attenuation of the hypothalamic-pituitary-adrenal axis during experiments intended to cause chronic stress. We sought to determine whether this attenuation could be indicative of habituation. Importantly, we were not investigating habituation to a specific stimulus-as many stress physiology studies do-but rather we assessed how the underlying physiology and behavior changed in response to repeated stressor presentation. We exposed house sparrows (Passer domesticus) to a single stimulus twice per day at random times for 8 consecutive days. We predicted that this period of time would be long enough for the birds to determine that these acute stressors were not, in fact, dangerous and they would, therefore, acclimate. A second control group remained undisturbed for the same period of time. We measured baseline, stress-induced, negative feedback strength, and maximum production of corticosterone as well as neophobic behavior before, during, and after this 8-day experiment. When birds experienced a stimulus for 4 days, their negative feedback strength was significantly diminished, but recovered after the second 4 days. Additionally, perch hopping decreased and recovered in this same time frame.
by the context of the chronic stress and the specific characteristics of the individual, including life-history stage and sex. These factors have made it difficult to detect a consistent endocrine phenotype of chronic stress in free-living animals, and if found, to extrapolate results to other stressors, populations, or species (Dickens & Romero, 2013) .
To address this issue, laboratory-based experiments have exposed animals to controlled situations of chronic stress. One such technique is to expose animals to randomly chosen, repeated stressors several times a day. This layering of acute stressors on top of one another has been shown to change the underlying physiology in both European starlings (Sturnus vulgaris; e.g., Rich & Romero, 2005) and house sparrows (Passer domesticus; e.g., Lattin & Romero, 2014) . Interestingly, these studies have indicated that this chronic stress protocol attenuates both baseline corticosterone (Cort) levels as well as the acute stress response. These results are consistent in both lab (Cyr, Earle, Tam, & Romero, 2007; Lattin & Romero, 2014; Rich & Romero, 2005) and field settings and therefore suggest they are physiologically relevant.
Despite consistent results from multiple studies and species, this attenuation might still result from the animals habituating to the repeated exposure to the stimuli. Habituation can occur when, after repeated exposure, an animal no longer deems a stimulus innocuous and thus ceases to respond to it (e.g., Dubovicky & Jezova, 2004) . A key element of this definition is that the response to the specific stimulus weakens upon repeated exposure. For example, Pitman et al. (1988) showed that the acute Cort response to strong restraint stress diminished after repeated exposure. Few studies have considered how overall stress physiology changes during repeated exposure to the same stimulus. In other words, it remains unknown whether and how baseline Cort and the acute stress response to a standardize stimulus (e.g., restraint) changes when another, the different stimulus is being repeatedly experienced.
In this study, we sought to characterize the physiological and behavioral responses of house sparrows that have been repeatedly exposed to a single mild stressor twice a day for 8 consecutive days. We assessed the hypothalamic-pituitary-adrenal (HPA) axis function and regulation and behavioral responses to novel objects in house sparrows before, during, and immediately after the 8 days. We predicted that this experimental protocol would induce habituation, such that by 8 days the animals would recover their original physiology and behavior before experiencing any stressors because they would eventually recharacterize the repeated stimulus as harmless.
| MATERIALS AND METHODS

| Experimental design
Seven house sparrows (three males, four females) were captured in late September 2016 and an additional 10 (five males, five females) were captured in early November 2016 ( Figure 1a ). All birds were housed indoors in individual cages (45 x 37 x 33 cm), under a 12 hr light-12 hr dark cycle and were acclimated to captivity for at least 3 weeks before the start of any experimental procedures. This period of time has been shown to be appropriate for physiological acclimation (Fischer, Wright-Lichter, & Romero, 2018) .
The experimental design was based on prior chronic stress studies that indicated that the hormonal effects of chronic stress are typically initiated within 8-12 days (Awerman & Romero, 2010; DuRant, Arciniega, Bauer, & Romero, 2016 Gormally, WrightLichter, Reed, & Romero, 2018; Lattin & Romero, 2014) . In several of these studies, birds were exposed to different stressors at four different unpredictable times throughout the day for up to 3 weeks. We amended this design to test the effect of the same stressor repeatedly presented as opposed to random, different stressors. Ten days after the initial preprotocol sample ("Control" in Figure 1 ), experimental birds were exposed to 4 days of one kind of stressor. To ensure that any response was not stressor-specific, we exposed half the birds (n = 7) to cage rolling (placing the cage on a laboratory cart and gently rocking back and forth −strong enough to prevent comfortable perching but not so strong as to induce the loss of balance) and the other half (n = 10) to cage tapping (running a stick along the cage every few minutes). Each stressor lasted 30 min and occurred twice per day at random, unpredictable times.
These stimuli have previously been used to elicit an acute stress response in house sparrows and European starlings DuRant, de Bruijn, Tran, & Romero, 2016; Rich & Romero, 2005) . After this initial 4 days, a mid-protocol sample was taken ("Day 5" in Figure 1 ).
The same stressor was then experienced for another 4 days after which a final sample was taken ("Day 9" in Figure 1 ).
A third group of birds (n = 10; five males and five females) was captured in October 2017 (Figure 1b ). Housing and acclimation conditions were identical to those in 2016. These birds served as a "no stressor" control to which we would compare the responses of birds that experienced the habituation protocol. These birds were F I G U R E 1 Experimental design of the habituation protocol. Birds received the same stressor for the entire 8 days. This was either stressor a (cage rolling for 30 min, 2 times/day) or stressor b (intermittent cage tapping for 30 min, 2 times/day). Three sets of physiological and behavioral samples (*) were taken before, during, and after the stress period sampled at the same time points as the experimental birds; however, they did not experience any added stressors beyond typical husbandry interruptions.
All experiments were conducted with prior approval from the Tufts Institutional Animal Care and Use Committee and in accordance with the Guidelines for the Use of Wild Birds in Research (Fair, Paul, & Jones, 2010) .
| Plasma sampling
Within an hour of lights on, a series of blood samples were taken before (Control), during (Day 5), and after (Day 9) the experimental protocol to assess changes in HPA function over the course of the experiment.
During each sample day, a baseline blood sample was initially taken within 3 min of entering the experimental room (Romero & Reed, 2005) .
The birds were then placed in an opaque cloth bag to induce an acute stress response to handling and restraint. A stress-induced blood sample was then taken after 30 min, followed by an intramuscular This hormone stimulates the Cort release in house sparrows (Romero & Rich, 2007) and thus allowed us to assess the physiological capacity of the HPA axis. The fourth and final blood sample was taken after an additional 15 min of restraint in the cloth bag.
All samples were kept on ice until centrifugation at~1,200g for 10 min. Plasma was then stored at − 20°C until being assayed for Cort by radioimmunoassay.
| Cort assays
Cort concentrations were assessed in the four blood samples from the three time points using a radioimmunoassay (Wingfield, Vleck, & Moore, 1992) . Briefly,~20 µl of plasma was diluted to 200 µl with deionized water and incubated overnight with 20 µl of tritiated Cort to assess extraction recovery. Dichloromethane was used to extract the steroids, which were then dried under N 2 gas. These were then rehydrated with phosphate buffered saline with gelatin. A standard curve was made with the antibody B3-163 (Esoterix, Calabasas Hills, CA) to determine the concentrations of Cort in the samples, with final concentrations adjusted for recovery. The assay sensitivity was 1 ng/ml; 24 samples out of 300 were below the limit of detection and were assigned this floor value. The intra and interassay coefficients of variation were 5.3% and 14.6%, respectively (six total assays).
| Neophobia and perch hopping trials
In addition to the blood samples, behavior was assessed before, during and at the end of the experimental protocol. Video recordings were used to examine changes in response to novel objects through feed latency and overall activity (measured as perch hopping).
Beginning 5 days before the first trial ("Control" in Figure 1 ), we removed the food from the birds' cages at night within 1 hr of lights off and replaced it the next morning within 1 hr of lights on. This acclimated the birds to ensure that they would reliably feed at their food dishes in the morning.
The evening before a neophobia trial, the food was removed and black poster boards placed between the cages to prevent birds from seeing each other. In the morning, the food was replaced along with a novel object and the birds were remotely filmed for 20 min. The novel objects included a plastic egg, a red food dish, and a ribbon clipped over the food dish. All three of these objects have been shown to elicit a neophobic response (Fischer, Franco, & Romero, 2016; Gormally et al., 2018) . Each bird was exposed to all three objects, one each during the three sample periods (Control, Day 5, and Day 9; Figure 1) , with approximately a third of the birds exposed to each object at each sample period to control for any potential impact of presentation order. We defined feed latency as the time it took the birds to land on and feed from the food dish after it had been placed back into the cage.
Perch hopping was also calculated for these same trials by counting the movements throughout the cage for 15 min. The first 5 min were discounted to avoid any confounding impact of experimenter presence. For the perch hopping analysis, the videos were blinded so that the time within the habituation protocol was unknown to the experimenter.
| Data analysis
All analyses were completed in R Studio (RStudio Team, 2015) . Each data set was checked for equality of variances using the Bartlett's test; log transformations were needed for the baseline Cort, stress-induced Cort, and perch hopping data before performing any linear mixed effects models or analysis of variances (ANOVAs). In all cases, residual plots were used to visually check the assumptions of the models.
| Checking for interactions and main effects of group and sex
All data sets were also first checked for interactions and main effects of sex and group. Group effects refer to differences that occurred between the birds that were exposed to cage rolling and cage tapping ( Figure 1a ). Linear mixed effects models were conducted with either sex or group as a main effect or interaction term and individual bird identity as a random effect (lme4 package; Bates, Maechler, Bolker, & Walker, 2015) . To test whether there were significant effects of these factors, we used the "Anova" function within the car package (Fox & Weisberg, 2011) . We found no significant interactions or main effects of either sex (P ≥ 0.11 in all cases) or group (P ≥ 0.08 in all cases) in most data sets, and these variables were therefore removed from further analyses in these cases. We did find a significant main effect of group on baseline and ACTH-induced Cort (baseline, GORMALLY AND ROMERO | 599 F 1,49 = 7.55; P = 0.01; ACTH-induced, F 1,49 = 10.04; P = 0.006), so the groups were analyzed separately in these two data sets. Additionally, there was a significant interaction between sex and Cort in the negative-feedback data when stressors were absent (F 2,21 = 6.98; P = 0.01). This was driven by females having stronger feedback at Day 5 relative the Control and Day 9 samples. Since there was not a main effect of sex, we chose to combine the male and female data (see below). Finally, we also detected a significant interaction between group and perch hopping during the no-object control trials when stressors were present (F 2,42 = 5.71; P = 0.009). This effect was driven primarily by birds that experienced cage rolling slightly decreasing their activity at the final sample while those that experienced cage tapping slightly increased their activity at the final sample. As with the negative-feedback data neither group significantly altered their perch hopping during these control trials and they were therefore combined for graphing purposes (cage rolling, F 2,18 = 3.45; P = 0.07; cage tapping, F 2,21 = 3.12; P = 0.08).
| Cort analyses
After checking for effects of group and sex, each bleed type (baseline, stress-induced, negative feedback, ACTH challenge) was analyzed 
| Behavioral analyses
Birds that failed to feed at the food dish in the allotted time were assigned a ceiling value of 20 min. Two birds were removed from the analysis of the experimental birds (stressors present); one bird never actually landed on the food dish during Day 5 and one bird never approached the food dish during any of the novel object or no-object control trials. In addition to testing for main effects and interactions of group and sex, the effects of object-type were assessed with linear mixed effects models and subsequent ANOVAs. Changes in this feed latency were assessed using a linear mixed effects model followed by an ANOVA.
A perch hop was defined as any movement throughout the cage, typically between the perch, cage side, cage bottom, food dish, or water dish. Separate analyses were conducted for the no-object control trials and the novel object neophobia trials. As with the other data sets, changes in perch hopping were checked using a linear mixed effects model followed by an ANOVA.
| RESULTS
| Changes in Cort release and HPA axis regulation
Although there was a significant main effect of group on baseline Cort (F 1,49 = 7.55; P = 0.01), neither group experienced significant changes in baseline Cort when stressors were present (cage rolling, F 2,18 = 1.01; P = 0.39; cage tapping, F 2,27 = 2.93; P = 0.08; together, F 3,47 = 1.22; P = 0.31; Figure 2a) . Similarly, when the stressors were absent, baseline Cort did not change (F 2,21 = 2.59; P = 0.11; Figure 2a negative-feedback strength remained unchanged when no stressors were administered (F 2,21 = 1.56; P = 0.24; Figure 2c ). In the absence of stressors, there was a significant interaction of sex, which was driven by females experiencing stronger feedback than males at Day 5 (F 2,21 = 6.98; P = 0.01). When stressors were present, negativefeedback strength initially declined after 4 days of stressors, but recovered once the same stressor was experienced for an additional 4 days (F 2,21 = 7.95; P = 0.002; Figure 2c ).
Finally, ACTH concentrations were significantly influenced by group (F 1,49 = 10.04; P = 0.006); birds that experienced cage rolling had much larger maximum Cort concentrations than birds that experienced cage tapping. Therefore, these groups were analyzed separately. Despite this difference, neither stressor elicited significant changes in HPA axis capacity over the course of the habituation protocol (cage rolling, F 2,18 = 0.27; P = 0.77; cage tapping, F 2,27 = 1.18; P = 0.33; Figure 2d , presented with stressors combined).
| Behavioral changes
There were no main effects or interactions between object-type and sample period (Control, Day 5, or Day 9; Figure 1 ) in either the feed latency or perch hopping data sets, indicating that birds responded similarly no matter which novel object was presented (main effect, P > 0.11; interaction, P > 0.16). Object-type was therefore not considered in further analyses.
Novel objects always delayed the approach and feeding of birds relative to no-object control trials (Figure 3) . Birds approached novel objects equally slowly throughout both experiments (stressors present, F 2,42 = 2.77, P = 0.08; stressors absent, F 2,21 = 1.53, P = 0.25; Figure 3 , right side). However, during the no-object control trials (Figure 3 , left side), birds approached the food dishes progressively faster as the experiments proceeded (stressors present, F 2,45 = 4.96; P = 0.01; stressors absent, F 2,21 = 4.95; P = 0.02). Finally, we detected a statistically significant change in perch hopping; when stressors were present, birds tended to be less active in the presence of novel objects, but their pre-experiment activity recovered by Day 9 (stressors present, F 2,41 = 3.69; P = 0.04; stressors absent, F 2,21 = 1.66; P = 0.23; Figure 4 ). Despite the significant interaction effect of group, perch hopping did not significantly change during the no-object control trials (stressors present, F 2,42 = 0.52; P = 0.6; stressors absent, F 2,21 = 1.28; P = 0.31; Figure 4 ).
| DISCUSSION
The purpose of this study was to investigate whether repeated exposure to a single, potentially noxious, mild stimulus would lead to habituation of the underlying stress physiology and behavior in house sparrows. The initial motivation was to test whether habituation explained the attenuation of both baseline and stress-F I G U R E 2 Cort function and regulation before (Control), during (Day 5), and after (Day 9) the experimental conditions. Black bars represent responses from birds that experienced a randomly presented stressor for a total of 8 days. Gray bars represent responses from birds that did not experience any stimuli. (a) Baseline blood samples were taken within 3 min of initial disturbance. Baseline Cort did not significantly change under either experimental condition (stressor present, P = 0.31; stressor absent, P = 0.11). There was a significant main effect of group when stressors were present, however, neither group had significantly different baseline Cort over the course of the experiment (group A, P = 0.39; group B, P = 0.08); they are graphed together for simplicity. (b) After 30 min of restraint in a cloth bag, a stress-induced sample was taken. Stress-induced Cort was not altered by the presence of stimuli (stressor present, P = 0.20; stressor absent, P = 0.19). (c) negative-feedback strength was calculated as the percent decrease from the stress-induced to the postdexamethasone Cort levels. Feedback strength significantly decreased in birds that experienced 4 days of a randomly presented stressor (P = 0.002). Feedback strength did not change when the stimulus was absent (P = 0.24). (d) Maximum capacity of the HPA axis was assessed by injecting ACTH and measuring Cort. Capacity was not influenced by the presence of stimuli (stressor present, P = 0.45; stressor absent, P = 0.27). There was a significant main effect of group, but as in the baseline data, neither group significantly changed their maximum Cort production (group A, P = 0.77; group B, P = 0.33). n = 17 for the stressor present group; n = 10 for the stressor absent group. **P < 0.005. Note that in the case of baseline and stress-induced Cort analyses were conducted on log transformed concentrations. Error bars = ±SEM. ACTH: adrenocorticotropic hormone; Cort: corticosterone; HPA: hypothalamic-pituitary-adrenal GORMALLY AND ROMERO
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induced Cort observed in numerous chronic stress studies Dickens, Earle, & Romero, 2009; Rich & Romero, 2005) . This experiment had two key findings. First, while this experimental protocol did not significantly change baseline or stress-induced Cort, or the maximum capacity of the HPA axis, it did alter negative-feedback strength (Figure 2 ). Four days of stressor presentation degraded negative-feedback strength but this strength recovered to pre-experiment levels after a further 4 days. Second, although 4 days of stressor presentation did not significantly affect feed latency during neophobia trials, there was a decrease in overall activity during object presentation that also recovered with an additional 4 days of stress presentation (Figure 4) . Consequently, the multiple pieces of evidence-both physiological and behavioral-support the conclusion that habituation did occur.
Furthermore, the results show that when birds are repeatedly exposed to a single randomly presented stimulus, the resulting responses are different than when they are exposed to multiple randomly presented stressors.
It is important to emphasize, however, that a unique feature of this study was that it did not examine whether birds altered their responses directly to the specific stimulus (either cage rolling or tapping). Most studies that examine habituation do so by testing how responses to a given stimulus change when that stimulus is repeatedly presented. Instead, we examined how repeated exposure to a single stimulus affected the underlying stress physiology rather than the actual response to that specific stimulus. We were more interested in the potential impact of habituation on general stress physiology and behavior.
| Changes to HPA axis function and regulation
Neither baseline nor stress-induced Cort significantly changed when house sparrows were repeatedly exposed to a single stimulus (Figure 2a,b) . This result for baseline Cort was not surprising. A closely related study that exposed birds to two different stimuli to initiate chronic stress also did not significantly alter baseline Cort in the initial 4 days (Gormally et al., 2018) . This lack of change highlights that baseline Cort does not always change in a consistent manner in different species. This experiment was designed so that the initial 4-day period of the protocol would be interpreted by the birds as potentially noxious and thus trigger physiological changes consistent with chronic stress, such as altered baseline Cort Fischer et al., 2018; Lattin & Romero, 2014; Love, Lovern, & DuRant, 2017; Rich & Romero, 2005) . However, in this experiment, 4 days appeared to be too short to elicit changes in baseline Cort as birds were likely only on the cusp of experiencing symptoms of chronic stress. Another study of house sparrows found that even 21 days of a chronic stress protocol comprised of rotated, randomly presented stimuli, did not elicit significant changes in baseline Cort (Lattin & Romero, 2014) . The authors propose that because house sparrows are such successful invaders and human commensals, they may be less susceptible to these chronic stress protocols. Habituation has been studied more in other nonavian species. In a rodent study that involved exposing animals to the same pattern of stressors over 21 days, baseline Cort also did not change (Godoy et al., 2018) . In another study, baseline Cort did not change in mice that were Time to Feed (min) F I G U R E 3 Time to feed when a novel object was also present (right six bars) and when novel objects were absent (left six bars). No-object control trials occurred 1-2 days before the novel object trials. There was no significant change in feed time in response to a novel object when stressors were present (black bars, P = 0.08; n = 17) or absent (gray bars, P = 0.25; n = 10). However, during the no-object control trials, time to feed significantly decreased by Day 9 of the experimental protocol (stressors present, P = 0.01; stressors absent, P = 0.02). *Significance at P < 0.05. Error bars represent = ±SEM F I G U R E 4 Changes in activity before (Control), during (Day 5), and after (Day 9) the experimental conditions when a novel object was also present (right six bars) and when novel objects were absent (left six bars). No-object control trials occurred 1-2 days before the novel object trials. Perch hopping did not significantly change under either experimental condition during no-object control trials (stressors present, P = 0.60; stressors absent, P = 0.31). However, when stressors were present, perch hopping in the presence of novel objects decreased by Day 5 and recovered by Day 9 (P = 0.04). *Significance at P < 0.05. Error bars = ±SEM restrained for 2 hr every day for either 3, 7, or 14 days (Sadler & Bailey, 2016) .
Interestingly, we did not observe any statistically significant changes in stress-induced Cort (Figure 2b ). This is particularly intriguing because an altered acute stress response is typically indicative of habituation (Cyr & Romero, 2009; Walker, Dee Boersma, & Wingfield, 2006) . Our experimental design did not test whether birds exhibited a reduced acute Cort response to the specific stimulus (cage rolling or cage tapping), but if it did occur, any reduction clearly did not generalize to the restraint stress used to assess HPA axis function and regulation. This is in contrast to other studies showing that repeated or random exposure to one stressor influences Cort responses to a different stressor (Bhatnagar & Dallman, 1998; Marin, Cruz, & Planeta, 2007) . The result from the current study suggests that if the birds habituated to the stressors over the course of the 8-day experiment, this habituation did not impact their acute stress response to a standardized restraint stress series. Though we did not assess Cort responses to the experimental stimuli (cage rolling and cage tapping), this result suggests dishabituation (Cyr & Romero, 2009 ). The differences between the many studies that have addressed different aspects of chronic stress highlight how responses are likely very often context dependent. These data also reiterate that responses between different species may be different, particularly between wild-caught or free-living animals and laboratory-bred, domesticated animals (Calisi & Bentley, 2009 ).
negative-feedback strength was the only HPA axis metric that significantly changed when birds were repeatedly exposed to a single stressor. After 4 days of experiencing the experimental protocol, there was a significant reduction in the strength of the negative feedback (Figure 2c) . In other words, the HPA axis did not shut down as efficiently after birds had been exposed for 4 days.
Instead, the original, pre-experiment negative-feedback strength returned after birds experienced an additional 4 days of the same stressor. The recovery of negative feedback provides strong support that the birds acclimated to the experimental protocolwithout this habituation, negative feedback should remain disrupted. Weak negative feedback can cause significant problems (reviewed in Romero, 2004) so the recovery of this strength is likely beneficial to the overall health of the animals. Interestingly, a previous study found that rats that were chronically restrained for 30-min each day for 8 consecutive days had similar Cort levels postDex injection relative to those that only experienced acute restraint stress (Jaferi, Nowak, & Bhatnagar, 2003) .
Finally, the maximum capacity of the HPA axis, measured with an ACTH challenge, was not significantly affected by the experimental protocol (Figure 2d ). Like negative-feedback strength maximum capacity is rarely examined in studies involving repeated exposure to stressors. The lack of change in Cort production in response to ACTH stimulation indicates that the adrenals maintained their sensitivity over the course of both experiments. In other words, the adrenals were not compromised as a result of the repeated stimulation. Finally, ACTH sensitivity has been indicated to be seasonally modulated, as indicated by Lattin, Bauer, de Bruijn, and Romero (2012) . If this were the case, maximal Cort could be more sensitive to stressors during other seasons, such as breeding or molt.
| Behavior effects of repeated exposure
We found that while the birds' approach response to novel objects did not change, their overall activity during these trials did. The birds' neophobic response was similar in the presence and absence of stressors (Figure 3 ). Though not a significant difference, birds tended to feed at novel objects more quickly when they were also experiencing stressors.
Additionally, birds were less active in the presence of novel objects after 4 days of stressors (Figure 4) . The pre-experiment activity level returned after the birds continued to be exposed to the same stressor for an additional 4 days. This suggests that "normal" behavior was beginning to return and birds could were acclimating to the same stressor when presented repeatedly for 8 consecutive days.
Interestingly, when stressors were absent, a similar pattern of perch hopping emerged, although this was not significant. This could indicate that house sparrows respond to novel objects differently depending on what they are already experiencing (e.g. stressors vs. no stressors). We found few studies that examined how behavior changed over the course of repeated, mild stressors, particularly in wild animals. One study did find that rats could behaviorally habituate to repeated exposure to predator scent (Yin et al., 2017 ).
This finding is surprising considering predator scent could pose a threat, whereas novel objects are likely more harmless.
Importantly, in both the presence and absence of stressors, birds approached the normal (i.e., without a novel object) food dish more quickly in general (Figure 3 ). Though birds still exhibited a strong neophobic response, it appears that the repeated morning return of the missing food dish increased the speed of feeding over the course of the experiment. Finally, it is also possible that 5 days was not a long enough acclimation period for the birds to become accustomed to the daily removal and replacement of their food dishes. This would explain why there was a gradual decrease in feed latency, with the birds' original behavior only returning towards the end of the experiment.
| Implications for chronic stress studies
As previously stated, the original motivation of this study was to investigate the attenuation response that was previously observed in other chronic stress studies Dickens et al., 2009; Rich & Romero, 2005) . It could be assumed that this attenuation indicates that the chronic stress protocols used in these studies failed to elicit symptoms of chronic stress and instead led the animals to habituate. The results from the current study, however, indicate that house sparrows can habituate to a single stimulus when it is repeatedly presented for 8 days. This time period was long enough to stimulate recovery of negative-feedback strength and activity. These results suggest that true habituation looks GORMALLY AND ROMERO | 603 different than the attenuation that has been observed in the other studies of chronic stress.
It is still important to note that different types of chronic stress may lead to different responses. For example, introduction to captivity is fundamentally different method of inducing symptoms of chronic stress than the repeated stressors used here, and captivity elicits different responses. Initial transference to a captive environment introduces many novel stimuli that can negatively affect the physiology and behavior of animals (Morgan & Tromborg, 2007) .
Studies have shown that Cort increases within the first week(s) of captivity in several avian species (Dickens et al., 2009; Fischer et al., 2018; Kuhlman & Martin, 2010; Lattin et al., 2012; Lattin, Pechenenko, & Carson, 2017; Love et al., 2017) ; captivity also alters other systems including immune function (Kuhlman & Martin, 2010; Love et al., 2017) , behavior (Lattin et al., 2017) , and reproduction (Dickens & Bentley, 2014) . Random, repeated stressors and introduction to captivity are clearly both stressful, but these situations can lead to distinct responses. Acclimation, or habituation, responses to these two types of chronic stress may also differ. For example, it has been shown that house sparrows acclimate to captivity over the first 2-3 weeks; this includes altering baseline Cort levels and components of the sympathetic nervous system (Fischer et al., 2018) . When considering the results of this study in the broader context of stress physiology, it becomes increasingly clear that not all types of chronic stress are equal and thus do not elicit equivalent responses. Future studies should be certain to consider these differences.
